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Whey, the by-product of cheese manufacture, contains proteins which are a valuable source of essential amino acids (Velíšek 1999) . The three main whey proteins are β-lactoglobulin (β-Lg), α-lactalbumin (α-La), and caseinomacropeptide (CMP) which constitute 48-58, 13-19, and 12-20% (wt) , respectively (Bonnaillie & Tomasula 2008) . Thus, β-Lg accounts for about one half of the total amount of proteins and therefore its characteristics prevail over the other ones and significantly define the properties of whey. Due to its amphiphilic character and cysteine content this protein is a good emulsifying, foaming and gelling agent ( Ju & Kilara 1998; Moro et al. 2013) . Above that, it is the biologically active compound which is involved in the retinol metabolism, promotes lipolysis and has antioxidant, antimicrobial, antiviral and anticancer properties (Sawyer et al. 1998; Madureira et al. 2007) . The listed properties of β-Lg lead to an effort aimed at its fast, simple and efficient isolation (Bonnaillie & Tomasula 2008; Santos et al. 2012) .
Technologies currently used for β-Lg isolation combine methods of ion-exchange chromatography, e n z y m a t i c h y d r o l y s i s , c o m p l e x f o r m a t i o n , precipitation, electrodialysis (ED) and membrane separation (Casal et al. 2006; Cheison et al. 2012; Santos et al. 2012) . They are mostly based on different sensitivity of whey proteins to pH, salt content, and ionic strength as shown in Table 1 .
The electrodialysis could be used for β-Lg fractionation of generated bioactive peptides after its hydrolysis (Doyen et al. 2013) . When combined with precipitation, this method could also have a potential for isolation of β-Lg with high yield and purity. Thus, the aim of this study was to optimise conditions such as pH, NaCl addition, and ionic strength of this technology for β-Lg manufacturing.
MATERIAL AND METHODS

Material.
Commercial whey protein concentrate (Volac, Hertfordshire, UK) was diluted in demineralised water so that the starting whey protein (WPC) solution with protein content 7.5% wt was prepared.
β-Lg isolation by NaCl salting out at low pH. The fractionation technique was based on the methods developed by Mailliart and Ribadeau-Dumas (1988) and Maté and Krochta (1994) . The starting WPC solution was adjusted to pH 2 by 10% HCl by wt. Thereafter, different amounts of NaCl were added to reach final concentrations of 1, 3, 5, 7, 9, and 11% wt, respectively. Precipitation of α-La and minor whey proteins was carried out at 20°C for 20 minutes. The precipitate was removed by centrifugation at 23 000 g, 20°C, 30 min (Universal 32R; Andreas Hettich GmbH & Co. KG, Tuttlingen, Germany). Four parallel β-Lg separations were carried out with each NaCl concentration. β-Lg isolation by combination of demineralisation and NaCl salting out at low pH. The fractionation technique described above was based on the methods developed by Mailliart and RibadeauDumas (1988) and Maté and Krochta (1994) . Addition of 7% NaCl by wt was used for salting out α-La and minor whey proteins. This process was preceded by a lowering of salt content in the starting WPC solutions to 0.936 mS/cm (conductometer pH/ cond 340i; WTW GmbH, Weilheim, Germany) using electrodialysis (described in 2.5). β-Lg separation was performed four times. β-Lg isolation by combination of NaCl salting out, demineralisation and ethanol addition. The fractionation technique was based on the methods developed by Mailliart and Ribadeau-Dumas (1988) , Berrocal and Neeser (1993) , and Maté and Krochta (1994) , and combined three steps: addition of 7% NaCl by wt (described above), demineralisation of supernatant (described in 2.5) to 0.987 mS/cm (conductometer pH/cond 340i; WTW GmbH, Weilheim, Germany) and addition of ethanol (EtOH). The 7, 9 or 11% wt of food ethanol were added into demineralised supernatant to precipitate the remaining CMP and pH was adjusted to 5.5 with 10% HCl by wt. The CMP precipitation was carried out at 20°C for 30 minutes. The obtained precipitate was removed by centrifugation at 23 000 g, 20°C, 30 min (Universal 32R; Andreas Hettich GmbH & Co. KG, Tuttlingen, Germany). Four parallel β-Lg separations were carried out with each ethanol concentration.
Demineralisation of whey protein solutions. The salt content of the materials for β-Lg isolation described above was reduced by electrodialysis. Demineralisation process was performed by an ED-Z Mini electrodialysis unit (Mega a.s., Prague, Czech Republic) at the temperature range from 18°C to 26°C. The electrode solution was Na 2 SO 4 (c = 10 g/l). Salts cumulated in demineralised water which was acidified by HNO 3 to pH 2. The starting WPC solution was demineralised to 0.936 mS/cm, the supernatant after α-La and minor whey protein precipitation to 0.987 mS/cm (conductometer pH/cond 340i; WTW GmbH, Weilheim, Germany). The content of cations was determined before and after demineralisation by capillary electrophoresis. Conductivity was measured before and after demineralisation (conductometer pH/cond 340i; WTW GmbH, Weilheim, Germany) twice for each material.
Determination of cation content. The content of Ca 2+ , Mg 2+ , Na + , K + cations was determined before and after demineralisation of the starting WPC solution and supernatant after α-La and minor whey protein salting out (2.4) by capillary electrophoresis Prince CEC 750 (Prince Technologies, Emmen, the Netherlands) with DAD detector (λ = 206 nm) according to Suaréz-Luque et al. (2007) . Samples were diluted with ultrapure water (Millipore Smart Simplicity UV System; EMD Millipore Corporation, Billerica, USA), adjusted to pH 4 by 1 mol/l CH 3 COOH, filtered through 0.22 μm MS ® PVDF syringe filter Determination of whey protein fractions. The composition of whey proteins in starting WPC solution and precipitation supernatants was determined by RP-HPLC chromatography (Series 1100; Agilent Technologies GmbH, Waldbronn, Germany) with gradient elution [mobile phase A was 0.1% (v) CF 3 COOH in ultrapure water, mobile phase B was 0.1% (v) CF 3 COOH in a mixture of 80% (v) acetonitrile and 20% (v) ultrapure water] and UV detection (λ = 220 nm; UV/VIS detector by Thermo Separation Products Spectra System UV 2000; Germany) according to the method published by Thomä et al. (2006) . Samples were filtered through 0.22 μm MS ® PVDF syringe filter (Membrane Solutions, North Bend, USA) before analysis. Injection volume of the sample was 20 μl. Whey proteins were separated on a PLRP-S 1000A polymer column (4.6 × 150 mm, 8 μm; Polymer Laboratories Ltd., Shropshire, UK) at 40°C and the flow rate of the mobile phase was 1 ml per minute. The analysis was performed twice for each sample. The yield and purity of isolated proteins were evaluated from obtained results. Excel 2007; Microsoft Corporation, Redmond, USA) . Results are the arithmetic mean of four parallel fractionations. Error bars in the graphs indicate the standard deviation. The outliers were removed from obtained data by Grubbs' test and results were evaluated by ANOVA test on the level of significance P (α) = 0.05 (Vorlíček et al.1984) .
Statistical analysis. Statistical analysis was performed using MS Excel 2007 (Microsoft Office
RESULTS AND DISCUSSION
β-Lg isolation by NaCl salting out at low pH. The addition of different amounts of NaCl resulted in the coagulation of whey proteins in various proportions. The addition of lower amounts of NaCl (1 and 3% wt) did not result in selective coagulation and all proteins were precipitated only partially ( Figure 1A) . A higher content of added NaCl led to the precipitation of a major part of α-La, bovine serum albumin (BSA) and immunoglobulins and the β-Lg and CMP remained in supernatant. In terms of β-Lg purity, the best result was obtained when 11% NaCl by wt was added (85.3%) but the yield was too low in this case (60.4%). Hence, the addition of 7% NaCl by wt was chosen Whey proteins 1% wt NaCl 3% wt NaCl 5% wt NaCl 7% wt NaCl 9% wt NaCl 11% wt NaCl WPC -starting whey protein solution; WPC NaCl -supernatant from the starting whey protein solution after α-La and minor whey protein precipitation; ED -electrodialysis for the next procedure ( Figure 1B) . The yield of β-Lg in supernatant was 68.1% and the purity was 81.2%. Maté and Krochta (1994) reported the β-Lg yield of 65% and the purity 95%. However, they used whey protein isolate without CMP as a starting material. β-Lg isolation by combination of demineralisation and NaCl salting out at low pH. Demineralisation of the starting WPC solution to the value 0.936 mS/cm decreased the coagulation of β-Lg and CMP after addition of 7% NaCl by wt. Demineralisation was carried out. Concentrations of cations in initial WPC solution and in diluate after ED are given in Table 2 . Figure 2A shows that the demineralisation resulted in a higher yield of β-Lg and CMP, which was 79.3 and 58.3%, respectively ( Figure 2A ). The purity ( Figure 2B ) of these proteins remained almost unchanged. It is obvious that the demineralisation led to better yields, but the supernatant was still a mixture of two proteins. β-Lg isolation by combination of NaCl salting out, demineralisation and ethanol addition. This method was based on the precipitation of whey proteins by addition of 7% NaCl by wt and subsequent demineralisation of the obtained supernatant. This reduction of the salt content followed by the addition of ethanol resulted in the selective coagulation of CMP. Demineralisation was primarily used for the reduction of sodium content ( Table 2 ). The addition of ethanol was based on the paper of Berrocal and Neeser (1993) . They observed that CMP of 80% purity could be obtained by the addition of ethanol. The addition of 7% ethanol by wt resulted in the highest yield of β-Lg, namely 91.0% ( Figure 3A) . CMP of 91.4% purity was precipitated with this amount of ethanol and β-Lg of 97.1% purity ( Figure 3B ) remained in the final product (supernatant).
CONCLUSION
The isolation of β-Lg was performed using three different methods based on NaCl addition, demineralisation of the whey protein solution and ethanol addition and removing of precipitated whey proteins. The highest yield (91.0%) and purity (97.1%) of β-Lg were obtained by the method which combined the addition of 7% NaCl by wt, demineralisation of the supernatant and subsequent addition of 7% ethanol by wt. The proposed method is a very good tool for the isolation of β-Lg from the WPC solution. 
